The degradation of chlorophenols by Alcaligenes eutrophus JMP134 (pJF'4) was studied. The strain grew on 2,4,6-&i-chlorophenol or 2,4,6-tribromophenol as the sole carbon and energy source. Complete degradation of 2,4,6-trichlorophenol was confirmed by chloride release and gas chromatography analysis of supematants from growth cultures. The 2,3,5-, 2,3,4-, 2,3,6-and 2,4,5-isomers of trichlorophenol did not support growth. However, up to 40% of 2,4,Wrichlorophenol was mineralized during growth of A. eutrophus on chemostats fed with either phenol (0.4 mM) or 2,4,6-trichlorophenol (0.4 mM) plus 2,4,5-trichlorophenol (0.1 mM). Growth on 2,4,6-trihalophenols was also observed in A. eutrophus JMp222, the strain lacking pJP4, suggesting that this new degradative ability reported for A. eutrophus is not related to pJP4 encoded catabolic functions.
Introduction
Bacterial degradation of chloroaromatic compounds has been intensively studied [1, 2] . Alcaligenes strains able to grow as a sole carbon and energy source on 2,4-dichlorophenoxyacetate [3] , 3-chlorobenzoate [3, 4] , monochlorophenols [5] , 4-fluorobenzoate [6] , dichlorobenzoates [7] , chlorobiphenyls [8, 9] , and DDT [lo] have been described. A. eutrophus JMP134 (pJP4) has been more thoroughly studied because it grows on 2,4-dichlorophenoxyacetate and 3-chlorobenzoate [3] , other phe-noxyacetates [ 111, phenol [ 121, and 4-fluorobenzoate [6] . A mutant strain of JMP134 grows with 2,4-dichlorophenol and with 4-chloro-2-methylphenol [ 121. Trichloroethylene degradation mediated by aromatic catabolic pathways in strain JMP134 has also been reported [13] . In the present work, we further explore the degradative abilities of A. eutrophus JMP134, by growing it in cultures containing chlorophenols as a sole carbon and energy source. Phenol, 2, 2, 2, 2, 3, 3, and 3, 2, 3, 2, 3, 2, 4, and 2, 4,  2,4,6-tribromophenol, 2,4-dichlorophenoxyacetate, and 3-chlorobenzoate were purchased from Sigma Co., St. Louis, (purity higher than 98%).
Materials and methods

2.1.
Bacterial growth
Growth tests were performed in culture tubes (10 ml) containing 2-ml of a chloride-free, minimal salt medium [ 141, supplemented with different amounts of a freshly prepared sterile solution, containing a chlorophenol as a sole carbon and energy source. Cultures were inoculated (1% v/v) with strains JMP134 or JMP222, freshly grown on 2,4-dichlorophenoxyacetate or phenol, and incubated with agitation (180 rpm) at 28°C. Controls without inoculum or without carbon source were also run. Growth was scored (at day 3) as positive only if cells proliferated after, at least, three transfers to fresh medium. Growth in chemostats fed with phenol, 2,4,6-trichlorophenol, pyruvate or 2,4-dichlorophenoxyacetate was performed at 28°C in a glass vessel (working volume of 0.6 1, retention time 18-20 h). Aeration was provided by pumping humid, sterile air into the cultures.
Growth was estimated turbidimetrically (at 660 nm) in a diode-array spectrophotometer HP 8452A. Chloride measurements were carried out with an Orion ion-selective electrode (detection limit: 1 X lop5 M NaCl), following a described procedure [14] . Oxygen consumption was measured as reported previously [ 151. Gas chromatography analysis was performed in a 5890 Serie II Hewlett-Packard system, with a HP-5 fused silica capillary column, coupled to a 5972 HP mass detector, following a described procedure [ 141. The temperature program was 90°C to 230°C at 6"C/min. CO, evolution was determined in flasks fitted with rubber septa, containing 40 ml of minimal medium plus phenol or 2,4,6-trichlorophenol (O-O.5 mM) supplemented with 2,4,5-trichlorophenol (0.1 mM) plus 2500 dpm of 2,4,5-trichlorophenol-UL-'4C (4.4 mCi/mmol). Flasks were flushed (10 min) and 14C02 trapped in a solution containing methanol (40%), ethanolamine (lo%), PPO (0.2%) and POPOP (O.OOOS%> prepared in toluene. Radioactivity was measured in a Beckman LS5OOOTD instrument. 
Metabolism of chlorophenols by suspended cells
Resting cells of strain JMP134 were prepared by growing the bacterium for three days on a 2-l Erlenmeyer flask containing minimal salt medium supplemented with ,either 2,4-dichlorophenoxyacetate (2.2 mM) or phenol (1 mM). Cells were also obtained from chemostats fed with 2,4-dichlorophenoxyacetate (1 mM), 2,4,6-trichlorophenol(O.4 mM) or pyruvate (8.0 mM). Cells (final O.D.,,, nm = 0.2-1.0) were washed twice with phosphate (10 mM) solution Growth of the strain JMP134 in batch cultures was observed with (0.2-0.5 mM) 4-chlorophenol, 2,4-dichlorophenol and 2,4,6-trichlorophenol. All other chlorophenols tested (see above) did not support growth. Bacteria never grew in cultures lacking a carbon source. Dechlorination was observed with cells of strain JMP134 grown on 2,4-dichlorophenoxyacetate, incubated for 24 h with either 4-chlorophenol (95%), 2-4-dichlorophenol (94%), 2,4,6-trichlorophenol (loo%), or 3-chlorobenzoate (81%). Similar results were obtained with cells grown on phenol, except for a low, but significant, dechlorination of 2,3dichlorophenol(19%), 2,6-dichlorophenol (14%) and 2,4,5trichlorophenol (10%).
Degradation of trichlorophenols by A. eutrophus
The ability of A. eutrophzu to grow on trihalophenols was further explored. Strains JMP134 and JMP222 proliferated in batch cultures containing up to 0.5 mM and 0.2 mM 2,4,6-trichlorophenol, respectively (Table 1) . Growth yields of strain JMP134 fed with 2,4,6-trichlorophenol (0.05-0.2 mM) correlated well with the starting concentration (0.07 f 0.003 absorbance units/pmol of chlorophenol). Strain JMP134 also grew on 2,4,6-trichloropheno1 in chemostats (Table l) , with stoichiometric release of chloride (data not shown). Growth on 2,4,6-trichlorophenol started after 2 days of incubation, either in liquid or solid media. This catabolic ability was still present after several transfers of the strains JMP134 or JMP222 in Luria Bertani broth or minimal media containing 2,4-dichlorophenoxyacetate or phenol, respectively. Both strains also grew on 2,4,6-tribromophenol (up to 0.2 mM) (Table 1) .
2,3,4-, 2,3,5-, 2,3,6-and 2,4,5-trichlorophenol (O.l-1.0 mM) were unable to support growth.
2,4,6-trichlorophenol was dehalogenated by strain JMP134, previously grown in chemostats fed with 2,4-dichlorophenoxyacetate (95% of chloride release), 2,4,6-trichlorophenol (77%), pyruvate (96%), and by strain JMP222 grown on phenol (92%). Under the same experimental conditions, dechlorination of 2,4-dichlorophenol by strain JMP134 grown on 2,4-dichlorophenoxyacetate, 2,4,6-trichlorophenol, and pyruvate, and by strain JMP222 grown on phenol, was 84%, 29%, 24% and O%, respectively. Complete removal of the 2,4,6-trichlorophenol peak was detected by gas chromatography analysis of the supematants from incubation of cells of strain JMP134 (data not shown).
Degradation of trichlorophenols in A. eutrophw was also studied by oxygen uptake. After 2 h of incubation, rates of oxygen consumption by cells of strain JMP134, grown on 2,4dichlorophenoxyace-tate, with 2,4-dichlorophenoxyacetate, 2,4-dichlorophenol and 2,4,6kchlorophenol as substrates were 29.9, 61.2 and 1.3 nmol/mg of cells * min, respectively. When cells were grown on phenol, rates of oxygen consumption with phenol, 2,4-dichloropheno1 and 2,4,6-trichlorophenol were 100.7, 15.6, and 11.7 nmol/mg of cells * min, respectively.
After 4-6 days of culture of strain JMP134 in chemostats fed with phenol (0.4 mM) plus 2,4,5-k& chlorophenol (0.1 mM>, 40-65% of chloride was released. Gas chromatography showed extensive degradation of both trichlorophenols when strain JMP134 was grown in chemostats fed with 2,4,6-trichlorophenol (0.4 mM) plus 2,4,5-trichlorophenol (0.05 mM) (data not shown). The amount of 2,4,6-and 2,4,5-trichlorophenol in the output was typically 4.0 and 10% of the feeding solution, respectively. Samples from these chemostats were used to determine mineralization of 2,4,5-hichlorophenol. In the absence of phenol or 2,4,6-trichlorophenol mineralization was lower than 5%. When primary growth substrate (0.1-0.2 mM) was provided, optimal CO, evolution (20-40%) was observed. However, when pyruvate was the growth-supporting substrate, mineralization was lower than 4%. Mass balances from representative experiments showed that 37% of label was respired, 14% was either attached to or into the biomass, 45% remained in the aqueous phase and 2% was extractable with hexane. More than 90% of the label remained in the aqueous phase in abiotic controls.
Discussion
A. eutrophus JMP134 was able to grow on 4-chlorophenol and 2,4,6-trichlorophenol, and degrade 2,4,5trichlorophenol. The ability of this strain to degrade these chlorophenols has not been reported before. Degradation of 2,4,5-and 2,4,6-trichloropheno1 has been reported previously in a few other bacteria. Resting cells of Rhodococcus chlorophenolicus degrade low levels of both trichlorophenols [16] . In turn, cells of Fluvobacterium sp. also degrade 2,4,6-trichlorophenol but left 2,4,5trichloro-phenol untouched [17] . On the other hand, Nocurdioides simplex E3 and Pseudomonas cepacia ACllOO, able to grow on 2,4,5trichlorophenoxy-acetate, also grow on 2,4,5-trichlorophenol [18, 19] . Reports of bacterial strains able to grow on 2,4,6-trichlorophenol are more recent. Azotobucter sp. strain GPl was found to grow only on 2,4,6-trichloropheno1 and degrade a few other chlorophenols [20] . On the other hand, Pseudomonas pickettii DTPO602 grows well on 2,4,6-trichlorophenol and their resting cells partially degrade 2,4,5-trichlorophenol [21] . These two strains, along with A. eutrophus JMP134, use a narrow range of chlorophenols as carbon sources.
The competence of strains JMP134 and JMP222 to use 2,4,6-trichlorophenol as a carbon source was easily attained through batch culture and is maintained under different conditions. However, the ability to mineralize 2,4,5&ichlorophenol was only observed in continuous culture in the presence of a primary growth substrate. Growth on the primary carbon source was inhibited at concentrations of 2,4,5-trichlorophenol above 0.2 mM.
At present, we do not know the catabolic pathways of degradation of trichlorophenols by A. eutrophus. The formation of 2,6-dichlorohydroxyquinone and 2,6-dichloro-p-benzoquinone have been reported in other bacteria [20, 21] . Under our experimental conditions, we were unable to detect such intermediates. The present work suggests that the degradative pathways for 2,4,6-trichlorophenol do not depend on pJP4-encoded degradative enzymes.
The ability of A. eutrophus JMP134 to degrade trichlorophenols reported here, is also, for the first time, described in the genus Alcaligenes. This new property, along with several others reported previously (see Introduction), confirms the degradative versatility of this genus and this particular strain. Letters 127 (1995) 51-55 
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